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(57) Printing is carried out on a printing medium dur- 
ing main scanning using a printing device which com- 
prises a print head having one or more nozzle arrays 
each including a plurality of nozzles for forming dots of 
same color The plurality of nozzles for forming dots of 
the same color have a constant nozzle pitch k> D in the 
sub-scan direction, where k is an integer of 2 or greater 
and D is a dot pitch that corresponds to a printing reso- 
lution in the sub-scan direction. Each main scan line is 
scanned S times, where S is an integer of 2 or greater, 
using different nozzles. A combination of different val- 
ues is used as feed amounts for S ■ k sub-scans When 
the feed amounts for the S • k sub-scans are divided into 
S groups each containing k feed amounts for consecu- 
tive k sub-scans, a sequence of sub-scan feed amounts 
in at least one of the S groups of sub-scans is different 
from sequences in the other groups. 
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Descrtpti n 

TECHNICAL FIELD 

[0001] The present invention relates to a printing tech- 5 
nology using a print head having multiple nozzles. 

BACKGROUND ART 

[0002] In recent years, ink jet printers that discharge 
ink from a head are widely used as computer output de- 
vices. Inkjet printers employ a print head having multiple 
nozzles for each ink 

[0003] One printing mode is established whereby 
sub-scan feed amounts and the number of nozzles used 
is controlled during printing with the printer. In such cas- 
es, there is some constraint in terms of sub-scanning 
feed amounts and number of nozzles used in order to 
perform recording at pixel positions on the printing me- 
dium without unnecessary duplications or omissions. 
[0004] In this connection, it is desirable that as many 
of the mounted nozzles as possible are used in the ex- 
ecution of printing in order to improve printing speed. 
Towards this end, numerous different values for the sub- 
scan feed amount are used in combination in the tech- 
nology described in JP-A-1 998-278247 disclosed by the 
applicant of this application. In addition, this document 
also describes an "overlap mode" in which recording of 
each main scan line is completed in two or more main 
scans. With overlap mode in which recording on each 
main scan line is completed in two main scans, the re- 
spective main scan lines are each scanned with two dif- 
ferent nozzles. 

[0005] However, with previous overlap mode, there 
has been the problem that there are restricted combina- 
tions of nozzles that carry out recording of a single main 
scan line. For example, main scan lines that are record- 
ed using nozzle #1 are always recorded with nozzle #25, 
and main scan lines that are recorded using nozzle #2 
are always recorded with nozzle #26. The number of 
nozzle combinations is thus restricted to one. 
[0006] Because the number of combinations of noz- 
zles used for recording a single main scan line is restrict- 
ed to one, striated regions of image quality degradation 
referred to as "banding" appears in the main scan lines. 
For example, due to manufacture differences in nozzles 
#1 and #25 that perform recording of the same main 
scan line, there are cases where dots are recorded at 
shifted positions in the same direction along the sub- 
scanning direction relative to the theoretical position (in- 
tended position). In such cases, a gap (specifically, 
banding) arises between a main scan line and its adja- 
cent main scan line, resulting in image degradation. 
[0007] This invention was developed in order to solve 
the above problems with conventional technologies, 
and has an object of offering a technology for mitigating 
image degradation in overlap mode. 



DISCLOSURE OF THE INVENTION 

[0008] In order to solve at least some of the problems 
described above, the present invention carries out print- 
ing on a printing medium during main scanning using a 
printing device which comprises a print head having one 
or more nozzle arrays each including a plurality of noz- 
zles for forming dots of same color. The plurality of noz- 
zles for forming dots of the same color have a constant 
nozzle pitch kxD in the sub-scan direction, where k is 
an integer of 2 or greater and D is a dot pitch that cor- 
responds to a printing resolution in the sub-scan direc- 
tion. Each main scan line is scanned S times, where S 
is an integer of 2 or greater, using different nozzles. A 
combination of different values is used as feed amounts 
for Sxk sub-scans. When the feed amounts for the Sx k 
sub-scans are divided into S groups each containing k 
feed amounts for consecutive k sub-scans, a sequence 
of sub-scan feed amounts in at least one of the S groups 
of sub-scans is different from sequences in the other 
groups. 

[0009] Jn the present invention, because the sequenc- 
es of the S groups of sub-scan feed amounts are not the 
same, combinations of nozzles for recording the same 
main scan line are not fixed to only one, and multiple 
combinations are used. This results in reduction of 
banding and mitigation of image quality degradation. 
[0010] It is preferable that intermittent pixel positions 
at a ratio of 1 to S pixels on a main scan line are serviced 
for dot formation in each of S main scans performed on 
the main scan line, and all of the pixel positions on the 
main scan line are serviced for dot formation by the S 
main scans. 

[0011] In this case, the banding caused by the config- 
uration where the combinations of nozzles for recording 
the same main scan line are fixed to only one tends to 
be particularly noticeable. Consequently, the aforemen- 
tioned effect is particularly remarkable in such cases. 
[0012] It is preferable that a ratio of the largest and 
smallest values of the Sxk sub-scan feed amounts is 
set at about 4 or greater. 

[0013] In this configuration, even if banding should oc- 
cur for whatever reason, the banding occurrence period 
varies with the value of the sub-scan feed amount, and 
so banding is not readily seen. The image quality deg- 
radation is further reduced consequently. 
[0014] When a offset F is defined as a remainder ob- 
tained by dividing a cumulative value of sub-scan feed 
amounts by the integer k, a sequence of the offset F for 
at least one of the S groups of sub-scan feed amounts 
may be different from sequences for the other groups. 
[0015] The offset F sequence is related very strongly 
to cumulative error occurring in the sub-scan feed, and 
using different offset F sequences tends to decrease cu- 
mulative error in the sub-scan feed, allowing mitigation 
of banding. 

[0016] It is preferable that the sequence of the offset 
F for each group of sub-scan feed amounts is reversed 
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from the sequence of the offset F for adjacent groups. 
[0017] In this configuration, it is possible to addition- 
ally decrease the cumulative error in the sub-scan feed ; 
thus making it possible to additionally reducing banding. 
[0018] The effect of the above configuration related to 
the offset F sequence is particularly remarkable when 
dots are formed with a print head using pigment ink. 
[0019] The present invention can be realized in vari- 
ous configurations, such as a printing device and print- 
ing method, a computer program for implementing the 
functions of the device or method, a computer readable 
recording medium storing the computer program, and a 
data signal embodied in a carrier wave that includes the 
computer program. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Fig. 1 is a general oblique view showing the 
main structure of a color ink jet printer 20 used as an 
embodiment of the present invention. 
[0021 ] Fig. 2 is a block diagram showing the electrical 
configuration of the printer 20. 

[0022] Fig. 3 is an explanatory diagram showing the 
nozzle array on the bottom surface of the print head 36. 
[0023] Figs. 4(A) and 4(B) are explanatory diagrams 
showing the basic conditions for general dot recording 
mode. 

[0024] Figs. 5(A) and 5(B) are explanatory diagrams 
showing the basic conditions for overlap recording 
mode. 

[0025] Fig. 6 is an explanatory diagram showing the 
scanning parameters of the first embodiment. 
[0026] Fig. 7 is an explanatory diagram showing ordi- 
nal numbers of the nozzles that record respective raster 
lines on each pass in the first embodiment. 
[0027] Fig. 8 is an explanatory diagram showing the 
scanning parameters for a comparative example. 
[0028] Fig. 9 is an explanatory diagram showing ordi- 
nal numbers of the nozzles that record respective raster 
lines on each pass in the comparative example. 
[0029] Figs. 10(A) and 10(B) are explanatory dia- 
grams showing partner nozzles of nozzle #1 and noz- 
zles for recording adjacent raster lines above and below, 
pertaining to the first embodiment and the comparative 
example respectively. 

[0030] Figs. 11(A)-11(C) are explanatory diagrams 
showing the scanning parameters of the second through 
fourth embodiments. 

[0031] Figs. 12(A)-12(C) are explanatory diagrams 
showing partner nozzles of nozzle #1 and nozzles for 
recording adjacent raster lines above and below, per- 
taining to the second through fourth embodiments and 
the comparative example respectively. 
[0032] Fig. 1 3 is an explanatory diagram showing the 
scanning parameters for the fifth embodiment. 
[0033] Fig. 14 is an explanatory diagram showing 
partner nozzles of nozzle #1 and nozzles for recording 
adjacent raster lines above and below, pertaining to the 



fifth embodiment. 

[0034] Figs. 15(A) and 15(B) are explanatory dia- 
grams showing the scanning parameters for the sixth 
embodiment. 

5 [0035] Fig. 1 6 is an explanatory diagram showing or- 
dinal numbers of the nozzles that record respective 
raster lines on each pass in the sixth embodiment 
[0036] Figs. 17(A) and 17(B) are explanatory dia- 
grams showing the scanning parameters for the seventh 

10 embodiment. 

[0037] Fig. 1 8 is an explanatory diagram showing or- 
dinal numbers of the nozzles that record respective 
raster lines on each pass in the seventh embodiment. 

15 BEST MODE FOR CARRYING OUT THE INVENTION 

[0038] Modes of implementation of the present inven- 
tion are described below based on embodiments in the 
following order. 

20 

A. General structure of the device 

B. Basic conditions for general recording mode 

C. Recording mode examples in the embodiments 

D. Modifications 

25 

A. General structure of the device 

[0039] Fig. 1 is a general oblique view showing the 
main structure of a color ink jet printer 20 used as a em- 

30 bodiment of the present invention. This printer 20 is 
equipped with a paper stacker 22, a paper feed rati 24 
that is driven by a step motor not shown, a platen 26, a 
carriage 28, a step motor 30, a ribbed belt 32 that is 
driven by this step motor 30, and a guide rail 34 for the 

35 carriage 28. A print head 36 equipped with numerous 
nozzles is mounted on this carriage 28. 
[0040] The printing paper P is taken up onto a paper 
feed roller 24 from the paper stacker 22 ; and is trans- 
ported in the sub-scan direction on the surface of the 

40 platen 26. The carnage 28 is pulled by a pulling belt 32 
that is driven by the step motor 30, and is thus moved 
in the main scan direction along the guide rail 34. The 
main scan direction is perpendicular to the sub-scan di- 
rection. 

45 [0041] Fig. 2 is a block diagram showing the electrical 
configuration of the printer 20. The printer 20 is 
equipped with a receiving buffer memory 50 for receiv- 
ing signals supplied from the host computer 1 00, an im- 
age buffer 52 that stores printing data, and a system 

so controller 54 that controls operation of the entire printer 
20. The system controller 54 are coupled to a main scan 
driver 61 that drives the carriage motor 30 ? a sub-scan 
driver 62 that drives the paper feed motor 31 , and a head 
driver 63 that drives the print head 36. 

55 [0042] The printer driver (not shown) of the host com- 
puter 100 sets various parameter values that control 
printing operations based on the recording mode that 
has been specified by the user (described below). This 
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printer driver also generates printing data for performing 
printing according to this recording mode based on 
these parameter valjcs and the data is transferred to 
the printer 20 The print ng da:a thus transferred is tem- 
porarily stored in the receiving buffer memory 50. The 
system controller 54 in the printer 20 reads the required 
data from the printing data in the receiving buffer mem- 
ory 50. and control signals are sent to respective drivers 
61 , 62 and 63 based on this data. 
[0043] The printing data received by the receiving 
buffer memory 50 is then divided into each color com- 
ponent and the imago data of the various resulting color 
components is stored in the image buffer 52. The head 
driver 63 reads the image data for each color component 
from the image buffer 52 ir accordance with the control 
signals from the system controller 54, and the nozzle 
array for each color situated on the print head 36 is driv- 
en in accordance therewith The head driver 63 can gen- 
erate numerous different types of drive signal wave- 
forms. The internal configufation and functioning of the 
head driver 63 will be described later in detail. 
[0044] Fig. 3 is an explanatory diagram showing the 
nozzle array provided on tnc lower surface of the print 
head 36. There arc provided, on the bottom surface of 
the head 36, black ink noz/lo group K D for discharging 
black ink, dark cyan ink nozzle group C D for discharging 
dark cyan ink, light cyan ink nozzle group C L for dis- 
charging light cyan ink, dark magenta ink nozzle group 
M D for discharging dark magenta ink. light magenta ink 
nozzle group M L for discharging light magenta ink, and 
yellow ink nozzle group Y D for discharging yellow ink. 
[0045] The first large upper case letter in the desig- 
nations of the nozzle groups designate the ink color, and 
the suffix "D" denotes ink with comparatively high den- 
sity, whereas the suffix "L" denotes ink of comparatively 
low density. 

[0046] The numerous nozzles of each nozzle group 
are arranged with a constant nozzle pitch k along the 
sub-scan direction SS. The nozzle pitch k is set to a val- 
ue that is an integral multiple of the print resolution (re- 
ferred to as "dot pitch"). In addition, piezo-electric ele- 
ments (not shown in Figs.) are provided as drive ele- 
ments that drive each of the nozzles, thereby causing 
discharge of ink droplets. During printing, the print head 
36 travels along the main scan direction MS along with 
the carriage 28 (Fig. 1 ). and as this occurs, ink droplets 
are discharged from each nozzle. 

B. Basic conditions for general recording mode 

[0047] Before presenting a detailed description of the 
recording mode used in the embodiments of the present 
invention, the basic parameters used in ordinary record- 
ing mode will be described. In this specification, the 
terms "recording mode" and "printing mode" are synon- 
ymous. 

[0048] Figs. 4(A) and 4(B) are explanatory diagrams 
showing the basic parameters for ordinary dot printing 



modes. Fig. 4(A) shows an example of the sub-scan 
feeding when four nozzles are used, and Fig. 4(B) 
shows the parameters for the recording mode thereof. 
In Fig. 4(A). the solid circles enclosing the numbers de- 

5 note the positions of the four nozzles in the sub-scan 
direction on each pass. The term "pass" refers to a sin- 
gle main scan. The numerals 0-3 enclosed in circles de- 
note the nozzle numbers. The positions of the four noz- 
zles move in the sub-scan direction after completion of 

10 a single main scan. Actually, feeding in the sub-scan di- 
rection is achieved by movement of the paper carried 
out by the paper feed motor 31 (Fig. 2). 
[0049] As indicated at the left side of Fig. 4(A), the 
sub-scan feed amount L in this example is a constant 

is value of four dots. Consequently, when sub-scan feed- 
ing occurs, the positions of the four nozzles shift four 
dots in the sub-scan direction. All of the dot positions 
(also referred to as "pixel positions") on each of the 
raster lines in a single main scan is serviced by the noz- 

20 zie. In this specification, the number of main scans oc- 
curring on each raster line (referred to also as "main 
scan line") is referred to as the "scan repeat number S". 
[0050] At the right side of Fig. 4(A), the numbers of 
the nozzles that record dots on each raster line arc in- 

25 dicated. Actual dot recording is prohibited on the raster 
lines that are drawn by broken lines extending to the 
right in the main scan direction from the circle indicating 
nozzle positions in the sub-scan direction because at 
least one of the previous and subsequent raster lines 

30 cannot be recorded. On the other hand, the raster lines 
that are drawn by solid lines extending in the main scan 
direction are in regions where the previous and subse- 
quent raster lines can be recorded with dots. The region 
where actual recording is carried out in this manner is 

35 referred to as the effective recording region below (also 
referred to as "effective printing region", "printing exe- 
cution region" and "recording execution region"). 
[0051] In Fig. 4(B), each of the parameters related to 
this dot recording mode are shown. The dot recording 

40 mode parameters includes a nozzle pitch k [dots], a 
working nozzle number N, a scan repeat number S, an 
effective nozzle number Neff, and sub-scan feed 
amounts L [dots). 

[0052] In the example of Figs. 4(A) and 4(B), the noz- 
45 zie pitch k is 3 dots, and the working nozzle number N 
is 4. The working nozzle number N is the number of noz- 
zles actually used among the multiple nozzles mounted. 
The scan repeat number S refers to the number of rep- 
etitions of main scans on each raster line. For example, 
50 when the scan repeat number S is 2, main scanning is 
executed twice on each raster line. Ordinarily, the dots 
arc formed intermittently at every other dot positions for 
a single scan. In Figs. 4(A) and 4(B), the scan repeat 
number S is 1 , and the effective nozzle number Neff is 
55 a value obtained by dividing the working nozzle number 
N by the scan repeat number S. This effective nozzle 
number Neff can be thought of as the net number of 
raster lines on which dot recording are compfeted by a 
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single main scan. 

[0053] The table of Fig. 4(B) includes the sub-scan 
feed amount L for each pass, the summation IL thereof, 
and a nozzle offset F. The term "offset F" used herein is 
a value that expresses the separation of the nozzle po- 
sitions in the sub-scan direction in units of dots relative 
to reference positions, taken as offset 0. which are pe- 
riodic positions of the nozzles at the initial pass 1 (the 
position of every fourth dot in Fig. 4(A)). For example, 
as shown in Fig. 4(A). after pass 1, the position of the 
nozzles shirts by the sub-scan feed amount L (4 dots) 
in the sub-scan direction. On the other hand, the nozzle 
pitch k is 3 dots. Consequently, the offset F of the noz- 
zles in pass 2 is 1 (Fig. 4(A)). Similarly, the positions of 
the nozzles on pass 3 have moved by IL = 8 dots from 
the initial positions, and the offset F is 2 consequently. 
The positions of the nozzles on pass 4 have moved IL 
= 12 dots from the initial positions, and the offset F is 0. 
Because the offset F of the nozzles returns to 0 on pass 
4 after the third sub-scan feed, three sub-scans are con- 
sidered to constitute one cycle of sub-scans. By repeat- 
ing this cycle, all of the dots on the raster lines of the 
effective recording area can be recorded. 
[0054] As is clear from the example of Figs. 4(A) and 
4(B). when the nozzle positions are separated from the 
initial positions by an integral multiple of the nozzle pitch 
k, the offset F is zero. In addition, the offset F is given 
by the remainder (IL)%k obtained by dividing the sum- 
mation IL of the sub-scan feed amounts L by the nozzle 
pitch k The operator "%" expresses the remainder of 
the division. The initial nozzle positions are considered 
periodic positions, and the offset F can be thought of as 
expressing the amount of positional shift from the initial 
positions of the nozzles. 

[0055] If the scan repeat number S is 1 , the following 
conditions are required so that there are no duplications 
or omissions in the recording of raster lines in the effec- 
tive recording region: 

Condition d : The number of sub-scan feeds in one 
cycle of scan is equal to the nozzle pitch k. 
Condition c2: The nozzle offset F after each sub- 
scan feed in one cycle assumes different values in 
the range of 0 to (k-1). 

Condition c3: The average sub-scan feed amount 
(IL/k) in one cycle is equal to the working nozzle 
number N In other words, the summation IL of the 
sub-scan feed amounts L in one cycle is equal to 
the value (N ✓ k) obtained by multiplying the working 
nozzle number N and the nozzle pitch k. 

[0056] The above conditions can be understood when 
envisioned in the following manner. Because there are 
(k-1) raster lines between adjacent nozzles, in order to 
return to the reference position of the nozzles (position 
at which offset F=0) upon recording on these (k-1) raster 
lines in one cycle, the number of sub-feeds in one cycle 
must be k. If the number of sub-feeds in one cycle is 



less than k, there will be omissions in the recorded raster 
lines, and if the number of sub-scan feeds in one cycle 
is greater than k. there will be overlap in the recorded 
raster lines. The first condition d above is thus estab- 
5 lished. 

[0057] When the number of sub-scans in one cycle is 
k, there will be no omissions or duplications in recorded 
raster lines when the offset value F after each sub-scan 
feed assumes different values within the range 0 to (k- 

10 1 ). The second condition c2 above is thus established. 
[0058] If the first and second conditions above are sat- 
isfied, then k raster lines are recorded by the respective 
N nozzles during one cycle. Consequently, Nxk raster 
lines are recorded during one cycle. On the other hand, 

is if the third condition c3 is satisfied, then as shown in Fig. 
4(A), the nozzle position after one cycle (after k number 
of sub-scan feeds) is separated by N x k raster lines from 
the initial nozzle position. Consequently, omissions or 
duplications in the recorded raster lines can be avoided 

20 in the range of these Nxk raster lines if the first through 
third conditions c1 to c3 are satisfied. 
[0059] Figs. 5(A) and 5(B) are explanatory diagrams 
showing the basic conditions for a dot recording mode 
where the scan repeat number S is 2 or greater. When 

25 the scan repeat number S is 2 or greater, main scanning 
is carried out s times on the same raster line. The dot 
recording mode with the scan repeat number S of 2 or 
greater is referred to as an "overlap mode". 
[0060] The parameters of the dot recording mode 

30 shown in Figs. 5(A) and 5(B) are different from that 
shown in Fig. 4(B) in the scan repeat number S and sub- 
scan feed amount L. As is clear from Fig. 5(A). the sub- 
scan feed amount L in the dot recording mode of Figs. 
5(A) and 5(B) is a constant value of 2 dots. The position 

35 of the nozzles on the even numbered passes is indicat- 
ed by diamond shapes in Fig. 5(A). Ordinarily, as shown 
to the right in Fig. 5(A), the dot positions recorded on 
even number passes are shifted by one dot in the main 
scan direction relative to the dot positions recorded on 

40 odd number passes. Consequently, the dots on the 
raster line are recorded intermittently by two different 
nozzles. For example, the top-most raster line in the ef- 
fective recording range is intermittently recorded at eve- 
ry other dot with nozzle #2 on pass 2, and is intermit- 

^5 tently recorded at every other dot by nozzle #0 on pass 
5. With this overlap mode, the nozzles are driven with 
intermittent timing in order to prevent recording of (S-1 ) 
dot after recording of one dot during the one main scan. 
[0061] The overlap mode in which intermittent pixel 

50 positions on a raster line are subject to dot recording 
during each main scan pass is referred to as "intermit- 
tent overlap mode". AU pixel positions, instead of inter- 
mittent pixel positions, on a raster line may be serviced 
during each main scan. Specifically, when S main scans 

55 are carried out on a single raster line, overlapping of dots 
on the same pixel position can be allowed. This type of 
overlap mode is referred to as "superimposed overlap 
mode" or "total overlap mode". 
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[0062] With the intermittent overlap mode, the posi- 
tions on the same raster recorded by plural nozzles are 
shifted with respect to each other in the main scan di- 
rection, and so the shift amount in the main scan direc- 
tion for each main scan can be conceived in various oth- 
er ways in addition to that shown in Fig. 5(A). For exam- 
ple, the dot positions indicated by circles can be record- 
ed on pass 2 without shifting in the main scanning di- 
rection, and dot positions indicated by the diamond 
shapes can be recorded on pass 5 by allowing a shift in 
the main scan direction. 

[0063] The bottom-most row of the table of Fig. 5(B) 
shows the offset F for each pass in one cycle. One cycle 
includes six passes, and each value of the offset F in 
the range of 0-2 appears twice from pass 2 to pass 7. 
In addition, the change in offset F in the three passes 
from pass 2 to pass 4 is the same as the change in offset 
F in the three passes from pass 5 to pass 7. As shown 
at the left in Fig. 5(A), the six passes constituting one 
cycle can be divided into two sub-cycles, each including 
three passes. In this case, one cycle is completed by a 
repetition of s sub-cycles. 

[0064] In general, when the scan repeat number S is 
a positive integer of 2 or greater, the first through third 
conditions c1-c3 indicated above are rewritten as cV- 
c3' below. 

Condition d': The number of sub-scan feeds in one 
cycle is equal to the value (kxS) obtained by mul- 
tiplying the nozzle pitch k by the scan repeat 
number S. 

Condition c2': The nozzle offset F after each sub- 
scan feed in one cycle assumes respective values 
in the range of 0 to (k-1 ), s times each. 
Condition c3': The average sub-scan feed amount 
{EU(kxS)} is equal to the effective nozzle number 
Neff (=N/S). In other words, the summation LL of 
the sub-scan feed amount L per cycle is equivalent 
to the value {Neffx (kxS)} obtained by multiplying 
the effective nozzle number Neff and the sub-scan 
feed repetitions (kxS). 

Conditions d'-c3' are applicable to a case where 
the scan repeat number S is 1. Consequently, the 
conditions d'-c3' are generally applied to the dot 
recording modes, regardless of the scan repeat 
number S. Specifically, if the three conditions c1 ' to 
c3' are satisfied, then there are no unnecessary du- 
plications or omissions in the recorded dots within 
the effective recording range. However, when an in- 
termittent overlap mode is adopted, it is necessary 
to apply the condition that the recording positions 
of the nozzles that record the same raster line arc 
shifted in the main scan direction with respect to 
each other. When the superimposed overlap mode 
is adopted, conditions d' to c3' above should be 
satisfied, and all pixel positions are serviced in each 
pass. 



C. Recording mode examples in the embodiments 

[0065] Fig. 6 is an explanatory diagram showing the 
scanning parameters of the first embodiment. This re- 
5 cording mode is an overlap mode in which the nozzle 
pitch k is 6 dots, the working nozzle number N is 48, the 
scan repeat number S is 2 and the effective nozzle 
number Neff is 24. 

[0066] The table in Fig. 6 shows the parameters re- 

10 lated to each of pass 1 to pass 13. The feed amount L 
(dots) for each of the 12 (=Sxk) sub-scans that consti- 
tute one cycle is 20, 21 , 22, 28, 27, 32, 32, 27, 28, 16, 
15 and 20; plural different values are used here. As is 
indicated by the broken line between pass 7 and pass 

15 8, the feed amounts of the 1 2 sub-scans constituting one 
cycle are divided into two groups each including 6 sub- 
scans. The two groups have different arrangements, or 
sequences, of sub-scan feed amounts. 
[0067] The table of Fig. 6 also shows the summation 

20 £L of the sub-scan feed amounts L up to each paoS. and 
the offset F. From these parameters, it is clear that the 
recording mode of the first embodiment satisfies the 
conditions c1 ' to c3' described above. 
[0068] The pixel positions to be recorded in each pass 

25 are indicated at the bottom-most row of the table of Fig. 
6. In this row, "0" denotes that the odd numbered pixel 
positions in this pass are to be recorded, and "1" de- 
notes that the even numbered pixel positions are to be 
recorded. In the first embodiment, an intermitted overlap 

30 mode is adopted in which every other pixel positions are 
to be recorded intermittently. 

[0069] The first embodiment can be used in bi-direc- 
tional printing or uni-directional printing. In bi-directional 
printing, the even numbered passes are carried out in 

35 the forward direction, and the odd numbered passes are 
carried out in the reverse direction. In uni-directional 
printing, each pass is always carried out in the forward 
direction. This situation is the same as forthe other sub- 
sequent embodiments. 

40 [0070] Fig. 7 shows the ordinal numbers of the noz- 
zles that record raster lines in each pass in the first em- 
bodiment. The term "raster line number" shown at the 
left in Fig. 7 are ordinal numbers starting from the top- 
most end position at which the nozzles of the print head 

45 36 are positioned; the top-most end position may be in 
a region where recording is not possible (Fig. 5(A)). The 
upper 234 raster lines are omitted to simplify the Fig., 
and only raster lines 235-275 are shown. The nozzles 
that record at odd numbered pixel positions are indicat- 

50 ed by solid square boxes, and the nozzles that record 
at even numbered pixel positions are indicated by bro- 
ken square boxes. It can be seen that recording of dots 
on each raster line is performed with two different noz- 
zles; one nozzle for recording at odd numbered pixel po- 

55 sitions and another nozzle for recording at even num- 
bered pixel positions. For example, with the 244th raster 
line, the even numbered pixel positions are recorded by 
nozzle #30 in pass 4, and the odd numbered pixel po- 
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sitions are recorded by no77le #1 in pass 0. 
[0071] Fig. 8 is an explanatory diagram showing the 
scanning parameters of a comparative example. The re- 
cording mode of the comparative example is the same 
as that of the first embodiment, with the exception that 
the sub-scan feed amount sequence is different. In ad- 
dition, among the feed amounts of the 12 (=Sxk) sub- 
scans constituting one cycle, the sequence of the former 
six sub-scan feed amounts for passes 2-7 is the same 
as that of the latter six sub-scan feed amounts for pass- 
es 8-13. The recording mode of the comparative exam- 
ple is an overlap mode that satisfies the aforementioned 
conditions d* to c3'. 

[0072] Fig. 9 shows the ordinal numbers of the noz- 
zles that record raster lines in each pass in the compar- 
ative example. In Fig. 9 as well, raster lines 229-275 are 
shown as in Fig. 7. In the comparative example, the 
combinations of nozzles that record dots on each raster 
line are fixed. For example, the nozzle that records the 
same raster line as nozzle HI is always nozzle #25, and 
the nozzle that records on the same raster line as nozzle 
#2 is always nozzle #26. On the other hand, in the first 
embodiment shown in Fig. 7, there are three nozzles 
that record on the same raster line as nozzle tf 1 : nozzle 
#30 (244th raster line), nozzle 28 (260th raster line) and 
nozzle 26 (275th raster line). 

[0073] The combination of two nozzles that record the 
same raster line in an overlap mode when the scan re- 
peat number S is 2 is referred to below as a "nozzle pair. 
" The nozzle that constitutes a nozzle pair with a certain 
nozzle is referred to as the "partner nozzle." In the first 
embodiment shown in Fig. 7, a nozzle pair is formed by 
nozzle #1 and nozzle #30 that record on the 244th raster 
line. In addition, nozzle #28 and nozzle #26 are present 
in addition to nozzle #30 as partner nozzles that form a 
nozzle pair together with nozzle #1 . 
[0074] Figs. 10(A) and 10(B) are explanatory dia- 
grams showing the partner nozzles for nozzle #1 and 
upper- and lower-adjacent raster line recording nozzle 
each nozzle pair pertaining to the first embodiment and 
comparative example. The term "upper-adjacent raster 
line recording nozzle" refers to the nozzle that is used 
for recording the raster line just above a particular raster 
line that is to be recorded by the nozzle pair. The term 
"lower-adjacent raster line recording nozzle" refers to 
the nozzle that is used for recording the raster line just 
below the particular raster line. For example, in Fig. 7, 
the 244th raster line is recorded by nozzle #1 and nozzle 
#30, and the upper adjacent raster line is recorded by 
nozzle #37 and nozzle #10. In this case, nozzle #30 is 
the partner nozzle for nozzle #1, and nozzle #37 and 
nozzle #1 0 arc upper-adjacent raster line recording noz- 
zles. In Fig. 10(A), nozzle #37 alone is indicated as an 
upper-adjacent raster line recording nozzle when nozzle 
#30 is the partner nozzle, and nozzle #1 0 is omitted. Al- 
though all of the partner nozzles are indicated in the ta- 
ble of Figs 10(A) and 10(B), some of the upper- and 
lower-adjacent raster line nozzles are omitted. 



[0075] As shown in Fig. 1 0(A), 8 different nozzles are 
used as partner nozzles for nozzle #1 in the first embod- 
iment. On the other hand, in the comparative example 
shown in Fig. 1 0(B), only nozzle #25 is used as the part- 
5 ner nozzle for nozzle #1 . These conditions apply also to 
nozzles other than nozzle #1. 

[0076] The nozzle pairs are fixed when the same se- 
quence of feed amounts for k (=6) sub-scans is repeated 
S(=2) times, as in the comparative example. Because 

10 the nozzle pairs are always the same, image quality 
degradation can occur. Specifically, if the dot forming 
positions of the nozzle pair is shifted in opposite direc- 
tions along the sub-scan direction relative to the ideal 
position (intended position), "banding" will occur in the 

15 vicinity of the raster line, resulting in the possibility of 
image quality degradation. On the other hand, if different 
sequences of sub-scan feed amounts are used for the 
two groups of k (=6) sub-scans, as in the first embodi- 
ment, then plural nozzles are used as the partner nozzle 

20 for each nozzle. In such a case, dot recording is carried 
out using various nozzle pairs, so that "banding" caused 
by manufacture differences in the nozzles mentioned 
above will not readily occur. Consequently, image qual- 
ity degradation due to "banding" in overlap mode can be 

25 mitigated. 

[0077] Figs. 11(A)-11(C) are explanatory diagrams 
showing the scanning parameters for the second 
through fourth embodiments. The recording mode for 
the second through fourth embodiments are the same 

30 as in the first embodiment, with the exception that the 
sub-scan feed amount sequences are different. In addi- 
tion, as is the case with the first embodiment, different 
sub-sequences are used for the sub-scan feed amounts 
for the first 6 passes 2-7, and the sub-scan feed amount 

35 sequence for the latter 6 passes B-13 among the 12 
(=Sxk) sub-scans constituting one cycle. 
[0078] Figs. 12(A)-12(C) are explanatory diagrams 
presenting a comparison of the partner nozzle for nozzle 
#1 , and the upper- and lower-adjacent raster line record- 

40 ing nozzles with respect to the second through fourth 
embodiments. In the second embodiment, six different 
nozzles are used as the partner nozzle with nozzle #1 . 
In addition, in the third and fourth embodiments, eight 
different nozzles are used as the partner nozzle for noz- 

45 zie #1 in the same manner as in the first embodiment 
shown in Fig. 10(A). Consequently, in the second 
through fourth embodiments as well, there is the advan- 
tage that image quality degradation due to banding can 
be mitigated in overlap mode in the same manner as in 

so the first embodiment. 

[0079] Which of the first through fourth embodiments 
attains the highest image quality depends on manufac- 
ture variation in each nozzle in the printing device. Con- 
sequently, the recording mode to be adopted can be de- 

55 termined based on a comparison of printing results ob- 
tained by printing the same test image with the four dif- 
ferent recording modes using the scanning parameters 
of the first through fourth embodiments, which are 
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stored in Advance in the memory (not shown) of the sys- 
tem controller (Fig. 2). 

[0080] Fig. 13 is an explanatory diagram showing the 
scanning parameters for the fifth embodiment. The re- 
cording mode for the fifth embodiment is the same as 
that for the first: through fourth embodiments, with the 
exception that the sub-scanning feed amount sequence 
is different In addition, as is the case with the first 
through fourth embodiments, different sub-sequences 
are used for the sub-scan feed amounts for the first 6 
passes 2-7. and the sub-scan feed amounts for the latter 
6 passes 8-13 among the 12 (=Sxk) sub-scans consti- 
tuting one cycle. 

[0081] The fifth embodiment is different from the first 
through fourth embodiments in the range of the feed 
amount value. Specifically, a feed amount in the range 
of 8-62 dots is used for the fifth embodiment, whereas 
a feed amount range of 1 5-32 dots (first and second em- 
bodiments) or a feed amount range of 14-32 dots (third 
and fourth embodiments) is used for the first through 
fourth embodiments. 

[0082] The advantage of the fifth embodiment is as 
follows. In general, when banding occurs for any reason, 
the banding occurrence period tends to depend on the 
sub-scan feed amounts Specifically the banding occur- 
rence period increases with increasing sub-scan feed 
amount, and decreases with decreasing sub-scan feed 
amount Consequently, when the sub-scan feed amount 
is maintained within a comparatively narrow range as in 
the first through fourth embodiments, the banding oc- 
currence period will be in a comparatively narrow range 
regardless of the cause of banding. When the banding 
occurrence period is within a comparatively narrow 
range in this manner it is easy to detect with the naked 
eye. and tends to degrade image quality. On the other 
hand, when the sub-scan feed amount occurs over a 
comparatively broad range, as in the fifth embodiment, 
the banding occurrence period will also be distributed 
over a comparatively wide range, so that banding is not 
readily detected by the naked eye : which can mitigate 
image degradation. 

[0083] As shown in the fifth embodiment, when a com- 
paratively broad range of values are used for the sub- 
scan feed amount, it is preferable forthe ratio of the larg- 
est value and smallest value to be about 4 or greater. In 
the fifth embodiment, the ratio of the largest value and 
smallest value is about 8 (62/8), whereas the ratio in the 
first through fourth embodiments is about 2 (32/15). 
[0084] Fig. 14 is an explanatory diagram showing a 
comparison of the partner nozzles for nozzle #1 and the 
upper and lower-adjacent raster line recording nozzles 
in the fifth embodiment. In the fifth embodiment, 11 dif- 
ferent nozzles are used for the partner nozzle for nozzle 
#1. Specifically, more nozzle pairs are used in the fifth 
embodiment than in the first through fourth embodi- 
ments, which is preferable from the standpoint of miti- 
gating image quality degradation due to the banding. 
[0085] Figs. 15(A) and 15(B) are explanatory dia- 



grams showing the scanning parameters for the sixth 
embodiment. Fig. 1 6 is an explanatory diagram showing 
the ordinal numbers of the nozzles that record raster 
lines in each pass in the sixth embodiment. As shown 

5 in Fig. 15(A), this recording mode is an overlap mode 
wherein the nozzle pitch k is 4 dots, the working nozzle 
number N is 48, the scan repeat number S is 2, and the 
effective nozzle number Neff is 24. In this recording 
mode as well, the sub-scan feed amount sequence for 

io the first 4 passes 2-5 is different from that for the latter 
4 passes 6-9 among the 8 (=Sxk) sub-scans constitut- 
ing one cycle. Consequently, although not shown in the 
figure, numerous nozzle pairs are used in the sixth em- 
bodiment in the same manner as in the first through fifth 

'5 embodiments, and image quality degradation due to the 
banding is thus mitigated. 

[0086] The recording mode of the sixth embodiment 
is also characterized by having a modification pattern 
for the offset F shown in Fig. 15(B). In the sixth embod- 

20 iment, the value of the offset F is increased by 1 {0, 1 , 
2, 3), and is then decreased by 1 {3, 2, 1 , 0}. Specifically, 
in the first half of the cycle and the second half of the 
cycle, the sub-scan feed amount sequence is not only 
different, but the offset F arrangement is also different. 

25 This stands in contrast to the offset F in the first through 
fifth embodiments above, where a constant sequence 
{2, 5, 3 : 1 . 4, 0} of the offset F is repeated. 
[0087] When this offset F sequence is adopted, it is 
possible to decrease cumulative errors in sub-scan 

30 feed. For example, a sub-scan feed mechanism can be 
conceived wherein the cumulative error in sub-scan 
feed increases with increasing value of the offset F. and 
decreases with decreasing value of the offset F. When 
this type of mechanism is used . the cumulative sub-scan 

35 feed error increases from passes 2-5 in Fig. 15(B), but 
decreases in passes 6-9. As a result it is possible to 
further reduce banding. 

[0088] Figs. 17(A) and 17(B) are explanatory dia- 
grams of the scanning parameters for the seventh em- 

40 bodiment. Fig. 18 is an explanatory diagram showing 
the ordinal numbers of the nozzles that record raster 
lines in each pass in the seventh embodiment. As shown 
in Fig. 17(A), the recording mode is different from that 
of the sixth embodiment shown in Fig. 15(A) only in the 

4 5 sub-scan feed amounts. This recording mode also has 
the same fundamental characteristic in that the sub- 
scan feed amount sequence for the first four passes 2-5 
is different from that forthe latter four passes 6-9 among 
the 8 (=S> k) sub-scans constituting one cycle. In addi- 

50 tion, this mode has the second characteristic that the 
sequence of the offset F is different between the first 
half and the second half of one cycle. Consequently, the 
seventh embodiment can mitigate image degradation 
due to the banding in the same manner as in the sixth 

55 embodiment described above. 

[0089] As can be seen from a comparison of Fig. 15 
(B) and Fig 17(B), the pattern of the offset F is reversed 
in the first half and second half of one cycle in the sixth 
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and seventh embodiments, so that the patterns for the 
first half and second half are symmetrical. The se- 
quence of the offset F need not be reversed in the sec- 
ond half relative to the first half, but it is preferable for 
the sub-scan feed amounts be established so that the 5 
sequence of the offset F is different in the first half and 
second half. However, when the sequences of the offset 
F are reversed, the effect of decreasing banding due to 
cumulative error in sub-scan feeding described above 
can be further enhanced. 

[0090] The influence of cumulative sub-scan feed er- 
ror on banding tends to increase when pigment ink is 
used relative to when dye ink is used. The suspected 
reason is that pigment ink does not spread very much 
on the surface of the paper, so that gaps between raster 
lines resulting from sub-scan feed errors are more read- 
ily produced. Consequently, the merit of an offset F ar- 
rangement of the type described in the sixth and seventh 
embodiments is particularly remarkable with printing de- 
vices that employ pigment ink. 

D. Modifications 

[0091] The present invention is not restricted to the 
above embodiments and modes of implementation, and 
can be implemented in various configurations within a 
scope that does not exceed the gist of the invention. For 
example, the following modifications are possible. 

D1 . Modification 1 

[0092] In each of the above embodiments, the scan 
repeat number S is 2, but the present invention can be 
utilized in cases where the scan repeat number S is any 
integer of 2 or greater. In addition, the present invention 
can be used in cases where the nozzle pitch k [dots] is 
any integer of 2 or greater. In such a case, the feed 
amounts of the S x k sub-scans are divided into S groups 
each including k feed amounts for consecutive k sub- 
scans, and at least one of the S groups of sub-scans 
has a different sequence of feed amounts from those of 
the other groups. 

[0093] In addition, regarding the offset F arrange- 
ment, it is preferable for the sub-scan teed amounts to 
be established so that the offset F arrangement for at 
least one of the S groups of sub-scans has a different 
arrangement from those of the other groups, and it is 
particularly desirable for the offset F arrangement to be 
reversed from those for its adjacent groups. 

D2. Modification 2 

[0094] In the various embodiments described above, 
an intermittent overlap mode is adopted, but it is also 
possible to use a complete overlap mode where all of 
the pixel positions on the main scan lines that are 
scanned can be serviced in each pass 
[0095] Ordinarily, banding occurring as a re$u\t of a 



combination of nozzles tends to increase in intermittent 
overlap mode, and thus the effects are particularly dra- 
matic when the present invention is used in intermittent 
overlap mode. 

D3. Modification 3 

[0096] The present invention can also be adopted for 
drum scanning type printers. With drum scanning type 
printers, the direction of drum rotation is the main scan 
direction, and the direction of carriage travel is the sub- 
scan direction. The present invention can be used not 
only with ink jet printers, but with printing devices in 
which printing onto the surface of a printing medium is 
carried out using a print head having multiple nozzles. 
These types of printing devices include facsimile devic- 
es and copy devices. 

D4. Modification 4 

[0097] In the embodiments described above, part of 
the configuration that is realized in hardware can be con- 
verted into software, and conversely, part of the config- 
uration that is realized in software can be converted into 
hardware. For example, some of the functions of the 
system controller 54 (Fig. 2) can be implemented by the 
host computer 100. 

[0098] Computer programs that perform this type of 
function are offered in various types of computer read- 
able recording media such as floppy disks and CD- 
ROMs. The host computer 1 00 reads the computer pro- 
gram from the recording medium, and transmits it to an 
internal memory device or external memory device. Al- 
ternatively, the computer program can be supplied to the 
host computer 100 from a program supply device via a 
communication path. When the function of the computer 
program is executed, the computer program that has 
been stored in the internal memory device is executed 
by the microprocessor of the host computer 100. In ad- 
dition, the computer program that has been stored on 
the storage medium can be directly executed by the host 
computer 100. 

[0099] In this specification, the host computer 100 is 
a general term that includes a hardware device and op- 
eration system, and refers to a hardware device that is 
operated under the control of the operating system. The 
computer program executes various parts of the afore- 
mentioned functions in this host computer 1 00. Some of 
the above functions can also be executed by the oper- 
ating system without using an application program. 
[0100] In the present invention, the term "computer 
readable recording medium" is not restricted to a port- 
able recording medium such as a flexible disk or CD- 
ROM, and also includes internal storage devices in the 
computer such as RAM and ROM, as well as external 
storage devices attached to the computer, such as hard 
disks. 
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INDUSTRIAL APPLICABILITY 

[0101] The present Invention can be employed in 
printers or facsimile devices that discharge ink from noz- 
zles. 



Claims 

1 . A printing device for carrying out printing on a print- 
ing medium during main scanning, comprising: 

a print head having one or more nozzle arrays 
each including a plurality of nozzles for forming 
dots of same color; 

a main scan drive section that carries out main 
scanning by moving at least either of the print- 
ing medium and print head; 
a sub-scan drive section thai carries oul sub- 
scanning by moving at least either of the print- 
ing medium and the print head; 
a head drive section that carries out dot forma- 
tion by driving at least some of the plurality of 
nozzles during main scan; and 
a controller for controlling printing operations; 
wherein the plurality of nozzles for forming dots 
of the same color have a constant nozzle pitch 
kxD in the sub-scan direction, where k is an 
integer of 2 or greater and D is a dot pitch that 
corresponds to a printing resolution in the sub- 
scan direction; and 

the controller carries out the control such that: 

each main scan line is scanned S times, 
where S is an integer of 2 or greater, using 
different nozzles; 

a combination of different values is used as 
feed amounts for Sxk sub-scans; and 
when the feed amounts for the Sxk sub- 
scans are divided into S groups each con- 
taining k feed amounts for consecutive k 
sub-scans, a sequence of sub-scan feed 
amounts in at least one of the S groups of 
sub-scans is different from sequences in 
the other groups. 

2. A printing device according to Claim 1 . wherein in- 
termittent pixel positions at a ratio of 1 to S pixels 
on a main scan line are serviced for dot formation 
in each of S main scans performed on the main scan 
line, and all of the pixel positions on the main scan 
lino arc serviced for dot formation by the S main 
scans. 

3. A printing device according to Claim 1 . wherein a 
ratio of the largest and smallest values of the Sxk 
sub-scan feed amounts is set at about 4 or greater. 



4. A printing device according to any one of Claims 
1 -3, wherein, when a offset F is defined as a remain- 
der obtained by dividing a cumulative value of sub- 
scan feed amounts by the integer k, a sequence of 

5 the offset F for at least one of the S groups of sub- 

scan feed amounts is different from sequences for 
the other groups. 

5. A printing device according to Claim 4, wherein the 
10 sequence of the offset F for each group of sub-scan 

feed amounts is reversed from the sequence of the 
offset F for adjacent groups. 

6. A printing device according to Claim 4 or 5, wherein 
15 the print head forms dots using pigment ink. 

7. A printing method for carrying out printing on a print- 
ing medium during main scanning using a printing 
device, the printing device comprising a print head 

20 having one or more nozzle arrays each including a 

plurality of nozzles for forming dots of same color, 
the printing method comprising the steps of: 

(a) carrying out main scanning by moving at 
25 least either of the printing medium and print 

head, and carrying out dot formation by driving 
at least some of the plurality of nozzles during 
main scan; and 

(b) carrying out sub-scanning by moving at 
30 least either of the printing medium and the print 

head; 

wherein the plurality of nozzles for forming dots 
of the same color have a constant nozzle pitch 
kxD in the sub-scan direction, where k is an 
35 integer of 2 or greater and D is a dot pitch that 

corresponds to a printing resolution in the sub- 
scan direction, 

each main scan line is scanned S times, where 
S is an integer of 2 or greater, using different 

40 nozzles, 

a combination of different values is used as 
feed amounts for Sxk sub-scans, and 
when the feed amounts for the Sx k sub-scans 
are divided into S groups each containing k 

45 feed amounts for consecutive k sub-scans, a 

sequence of sub-scan feed amounts in at least 
one of the S groups of sub-scans is different 
from sequences in the other groups. 

50 8. A printing method according to Claim 7, wherein in- 
termittent pixel positions at a ratio of 1 to S pixels 
on a main scan line arc serviced for dot formation 
in each of S main scans performed on the main scan 
line, and all of the pixel positions on the main scan 

55 line are serviced for dot formation by the S main 

scans 

9. A printing method according to Claim 7, wherein a 
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ratio of the largest and smallest values of the Sxk 
sub-scan feed amounts is set at about 4 or greater. 

10. A printing method according to any one of Claims 
7-9, wherein, when a offset F is defined as a remain- 
der obtained by dividing a cumulative value of sub- 
scan feed amounts by the integer k, a sequence of 
the offset F for at least one of the S groups of sub- 
scan feed amounts is different from sequences for 
the other groups. 

11. A printing method according to Claim 10, wherein 
the sequence of the offset F for each group of sub- 
scan feed amounts is reversed from the sequence 
of the offset F for adjacent groups. 

12. A printing method according to Claim 10 or 11, 
wherein the print head forms dots using pigment 
ink. 

13. A computer program product for causing a compu- 
ter including a printing device to carry out printing 
on a printing medium during main scanning, the 
printing device comprising a print head having one 
or more nozzle arrays each including a plurality of 
nozzles for forming dots of same color, the compu- 
ter program product comprising: 



main scan line, and all of the pixel positions on the 
main scan line are serviced for dot formation by the 
S main scans. 

5 15. A computer program product according to Claim 13.. 
wherein a ratio of the largest and smallest values of 
the Sxk sub-scan feed amounts is set at about 4 or 
greater. 

10 16. A computer program product according to any one 
of Claims 13-15, wherein, when a offset F is defined 
as a remainder obtained by dividing a cumulative 
value of sub-scan feed amounts by the integer k, a 
sequence of the offset F for at least one of the S 

15 groups of sub-scan feed amounts is different from 
sequences for the other groups. 

17. A computer program product according to Claim 16, 
wherein the sequence of the offset F for each group 

20 of sub-scan feed amounts is reversed from the se- 
quence of the offset F for adjacent groups. 

18. A computer program product according to Claim 16 
or 1 7, wherein the print head forms dots using pig- 

25 ment ink. 



a computer readable medium; and 

a computer program stored on the computer 30 

readable medium, 

wherein the plurality of nozzles for forming dots 
of the same color have a constant nozzle pitch 
kxD in the sub-scan direction, where k is an 
integer of 2 or greater and D is a dot pitch that 35 
corresponds to a printing resolution in the sub- 
scan direction, and 

the computer program including a computer 
program for causing the computer to effect 
printing such that: *o 

each main scan line is scanned S times, 
where S is an integer of 2 or greater, using 
different nozzles, 

a combination of different values is used as *5 
feed amounts for Sxk sub-scans, and 
when the feed amounts for the Sxk sub- 
scans are divided into S groups each con- 
taining k feed amounts for consecutive k 
sub-scans, a sequence of sub-scan feed 50 
amounts in at least one of the S groups of 
sub-scans is different from sequences in 
the other groups. 



14. A computer program product according to Claim 13, 55 
wherein Intermittent pixel positions at a ratio of 1 to 
S pixels on a main scan line are serviced for dot 
formation in each of S main scans performed on the 
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Fig. 15(A) 

NOZZLE PITCH: k=4 [dots] 
NUMBER OF WORKING NOZZLES: N=48 
SCAN REPEAT: S=2 (OVERLAP MODE) 
EFFECTIVE NOZZLE NUMBER: Neff=24 
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Fig. 16 
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Fig. 17(A) 

NOZZLE PITCH: k=4 [dots] 
NUMBER OF WORKING NOZZLES: N=48 
SCAN REPEAT: S=2 (OVERLAP MODE) 
EFFECTIVE NOZZLE NUMBER: Nef£=24 
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Fig. 17(B) 
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Fig. 18 



PASS NUMBER 


1 


2 


3 


4 


S i 6 


7 


8 


9 


FEED AMOUNT L [dots] 


0 


24 


26 


23 


261 24 


22 


25 


22 


IL 


0 


24 


50 


73 


991122 


145 


170 


192 


F=(IO%k 


0 


0 


2 


1 


3 1 3 


1 


2 


0 


RECORDING PIXEL 


0 


1 


1 


0 


-o-rr 


1 


0 


0 



RASTER 
LINE NUMBER 
FROM TOP END 



167 




1 30 












168 








18 


12 






169 


43 














170 




-1- 


25 






7 1 




171 




1 31 








1 


— 




172 




I 




19 


13 










173 


.44 


38 


















174 






26 














175 




1 32 




. . 




2 






176 










20 


1 14 










177 


45 


39 


















178 








27 






9 


- 






179 






33 








3 






180 










21 


15 










181 


46 


40 


















182 








28 






10 








183 






34 








4 






184 










22 


16 










185 


47 


41 


















186 








29 






1 111 






187 






35 








5 






188 










23' 


17 










189 


48 


42 


















190 






30 






12 








191 




36 








6 






192 








24 


18 


r 




■ 




193 


43' 














1 


194 






31 






13 






195 


1 37 


1 




13 


7 




196 








25 


19 








197 


44 


1 












2 



NOZZLE FOR 

, , RECORDING 

I 11 EVEN-NUMBERED 

PIXEL POSITIONS 



Lli 



NOZZLE FOR 
RECORDING 
ODD-NUMBERED 
PIXEL POSITIONS 



L=22 



29 



EP 1 129 852 At 




INTERNATIONAL SEARCH REPORT 


Intranational applicetioo No. 

PCT/JP00/O5426 


A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 1 B41J2/01 




According vo Intenurional Patau Classification (IPC) or to both national classification and IPC 


3. FIELDS SEARCHED 


Minimum documentation acarcbed (claasificafiOB tyiton followed by classification symbols) 
Int. CI 7 B41J2/01 



Documentation searched other than minimum documentation to the extent thai tucb documents are included in the- fields searched 
Jitouyc Shinan Koho 1922-1996 TortaJcu Jitauyo Shinan Koho 1994-2000 

Rcfcai Jitauyo Shinan Koho 1991-2000 Jitsnjyo Shina n Toroku Koho 1996-2000 



Electronic dau base consulted during the interns tiooaJ search (name o/ data bvn and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with Indication, where appropriate, of the relevant passage* 


Relevant to claim No. 


A 


JP, 7-52465, A (Canon Inc.), 

2B February, 1995 (28.02.95), 

Full text; all drawings (Family: none) 


1-1B 


A 


BP, 917955, Al (SEIKO EPSON CORPORATION), 
26 May, 1999 (26.05.99), 
Full text,- all drawings 
* JP, 10-278247, A 


1-18 


A 


BP, 931669, A2 (SEIKO EPSON CORPORATION) , 
28 July, 1999 (28.07.99), 

Full text; all drawings 
& JP, 11-207945, A 


l-ia 



| I Further document* are listed in the continuation of Box C, Q See patent family annex. 



• Special categories of deed docaroents: T later document publkhtd after the international (nog data or 
"A* document oefrntag the genera! state of the an «Weh b not priority dale end not in coniHct wtth the application but died lo 

considered to be of puttcoW rtlevanoc woderiund the principle or theory underryfog the mvcstixm 
*E* earlier document but published oo or after the international films, "X" document of perticuUr rtterenct; the cUhtied invenuoo c&iw* be 

dale conaldeftd do veJ or cannot be considered to Involve ma bvremive 
f documtm which rosy throw dmiba on priority elibX*) or which it vtcp when rhe docunmn is uken alone 

cited to oruhlisb the pubRcuinn date of soother ciutkm or adier "V doc^peM of particular rxlcvMcc, the diunod indention c»a»a be 

special won (u specified) coosidoed to involve m inventive «tcp wben the docuUKi '» 
-CT doeumfid referring to an oral disclosure, use; eihibtuco or other combined with one or more other tuch dDcrocrtta, euch 

mean* combination being obvious lo a person eWtod to <be «ft 

than the priority data claimed 


Date of the actual completion of the international search 
07 November, 2000 (07.11.00) 


Date of mailing of the international search report 
21 November, 2000 (21,11.00) 


Name and mailing address of the ISA/ 
Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/1SA72 JO (second sheet) (July 1 992) 



30 



